In the defence industry the recent development of a 'market for technology', the creation of new European high-technology companies as well as transformations in government agencies have driven firms to reposition their technological and organizational skills. Our objective is to show that the transformations that have occurred in the past ten years have not only redefined skills and the organization of production, but also have given a more strategic place to knowledge management (KM) practices. We provide a contextual and historical overview based on qualitative interviews, in order to better understand the relation between KM and innovative behaviour in this industry. We build an original industrial and technological database comprising various samples that provides quantitative information concerning KM and innovative practices. The results of the statistical analysis reveal the specificity of firms in this industry. Taking account of the size of these firms and their technological intensity, we show that the behaviour of defence industry firms in terms of KM practices, differs from that of other firms. This is evident from their technological performance, and innovation and patenting intensity. This structural tendency is explained as an innovative behaviour in the French national innovation system rather than merely a 'trend'.
Introduction
In 1997 the French defence industry underwent a major transformation following the government's decision to reduce budgets and manpower in this domain. This reduction in the funds dedicated to defence has generated a break from 'capitalism à la française' and a remarkable reconfiguration of government agencies and firms (Serfati 2001; Mustar and Laredo 2002; Guichard 2005) . In the same year, the 'national champions' underwent a process of privatization and Europeanization of their organizations, and a redefinition of their knowledge base. The French defence industry is not unique in having experienced such a transformation; some years earlier, the British defence industry was subjected to similarly drastic changes with the emergence of more competitive markets (Avadikian and Cohendet 2005; Dowdall 2004; Molas-Gallart and Tang 2006) . These changes, which have resulted in the creation of new European high-technology companies, could have been used as an opportunity for creating new industrial architectures and for developing new capabilities (Jacobides et al. 2006) . However the specific environment of the defence industry as well as the division of labour and technological skills that prevailed before these transformations, limited the scope of these opportunities (Acha and Brusoni 2008) . Moreover, in an era of resource depletion, the reinforcement of organizational capabilities enabling firms to better identify technological know-how and its future development appear to be critical. Consequently, Knowledge Management (KM) practices have become an integral part of innovative strategies (Coombs and Hull 1998; Foray and Gault 2003; Kremp and Mairesse 2003; Guillou et al. 2005 ) to better explore the firm's future development.
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Although, at first sight, KM practices might seem contradictory within the tradition of secrecy that has prevailed in the defence industry, our qualitative study reveals a different picture: government agencies and firms have a long tradition of formalizing and articulating their know-how in order to be able to justify their technological options and to guarantee the traceability of past projects (Majchrzak et al. 2004 ). Our interviews show that firms have had KM policies in place for some time, but that they have not been explicit or generalized and, consequently, have not been widely diffused. Thus, the development of KM practices was seen as providing a way of coping with the scarcity of resources and increasing the value of the knowledge base.
However, KM practices and their wide diffusion is a new tendency in the French national innovation system (NIS). As already mentioned, firms are facing these challenges within a new institutional context (Serfati 2005) . In addition, the diffusion of electronics in both weapons systems and command and control networks has provoked a significant rupture with the diffusion of a new technological paradigm, and has created new links between civil and military products . In this perspective, KM programmes have evolved gradually, to become a strategic component of innovative policies and to play a critical role in managing knowledge. Moreover, as no organization on its own can manage all the knowledge that is necessary for the design and realization of systems and sub-systems, knowledge integration and knowledge coordination have become vital for firms in this industry (Grant 1996; Hobday et al. 2005; Acha and Brusoni 2008 ). This paper is organized as follows. Section 1 outlines the theories and goals of KM and discusses the specificity of the French defence industry. We show the key role played by some government agencies in promoting KM practices and in repositioning know-how and skills within the NIS. Section 2 deals with methodological and statistical issues in the hal-00457550, version 1 -23 Feb 2010 elaboration of an original French data sample to provide an accurate empirical picture of the impact of KM policies in firms, in relation to their innovative behaviour. The impact of KM practices on performance is also discussed. We conclude with some pointers to the originality of our research and proposals for topics for further research.
Section 1 KM practices in the defence industry: the state of the art in the French NIS KM practices in the defence industry i cannot be understood outside of their institutional and historical context, which has created strong path dependencies. Although both firms and government agencies have participated in the diffusion of KM practices, their goals and objectives remain quite distinct. We will explain this complementarity and show why firms in the defence industry use KM practices as a means of reinforcing their innovative positions.
Based on a review of the literature we show the relation between KM practices and R&D policy. Using stylized facts based on our qualitative interviews we elaborate hypotheses related to KM practices and their emergence.
KM: definition and goals in the defence industry
Recently, much attention has been paid to policies related to KM to identify and preserve technological skills and to shed light on organizational capabilities. KM practices mostly involve R&D, innovative policies (Coombs and Hull 1998) and the search for medium and long-term performance (Kremp and Mairesse 2003) .
'Knowledge management (KM) covers any intentional and systematic process or practice of acquiring, capturing, sharing and using productive knowledge, wherever it resides, to enhance learning and performance in organisations. These investments in the creation of KM policy is a way of preserving knowledge and of focusing attention on crucial know-how:
tacit, codified or articulated (i.e. know-how embedded in human minds, knowledge articulated in the form of patents, knowledge codified in various ICT tools). The degree to which the articulation and codification are adopted by organizations can differ radically, depending on the costs and benefits for the particular firm, its strategic vision and the importance attributed to the development of capabilities (Teece 1998; Zollo and Winter 2002; Lazaric et al. 2003; Denrell et al. 2004 ).
In the defence industry, a related issue refers to the traditional decision between spin-off vs.
spin-in, as in the digital age, R&D and technology are no longer dedicated to but rather are adapted for military uses (Stowsky 2004) . In this context, the duality of knowledge may generate transformation of the know-how for various uses (civilian and military), and may create opportunities for its recombination, particularly in the case of complex products and systems (CoPS). On the other hand, firms and government agencies need to develop new organizational and technological capabilities 'to define and combine all the necessary inputs for a system and agree on path of future systems developments' (Hobday et al. 2005 (Hobday et al. : 1110 .
These 'integration capabilities' are necessary for various reasons. First, because the distribution of knowledge is not always concomitant with the division of labour and in some hal-00457550, version 1 -23 Feb 2010
cases 'firms know more than they make' (Brusoni et al. 2001) . Second, in order to achieve really dynamic coordination, knowledge management must be consistent with the objective of innovation and of development of a broad knowledge base capable of providing the input necessary for the design and development of technologies within the firm, or in collaboration with external partners. New types of relationships among various organizations are required therefore, for the purposes of knowledge development and preservation, even though this objective might seem not to equate with KM related objectives.
To be more explicit, according to Grundstein (2001) , we can draw a distinction between two major objectives in KM. Firstly, KM can be oriented to a long-term purpose and to the accumulation of large depositories of knowledge (in the nuclear and space sectors, this need for exhaustive data can be extremely critical in order to avoid technological disasters).
Secondly, knowledge can be preserved to fulfil an 'innovative objective'. Here, there may be a short-term perspective and the knowledge acquired through past products and projects can be used for the development of new ones (Argote 1999; Majchrzak et al. 2004) . This is certainly the most frequent KM policy goal.
Grundstein's distinction of the objectives of KM policies is relevant in the French context, where government agencies have clearly evolved over a long time frame in terms of knowledge preservation policies, whether oriented to the past, the future or both (Grundstein 2001 ). The problems confronting these government agencies include the need to provide collective pre-competitive knowledge, and to ensure its longevity of knowledge in the context of the French NIS (Papon 1998; Mustar and Laredo 2002 specifications. This has meant that DGA has inexorably progressed towards more downstream activities in order to better identify military needs (Guichard 2005) .
To cope with this strategic repositioning, DGA has transferred some of its traditional technological and organizational skills, x which in its turn has promoted changes in French companies. In 1997, the privatization of Thomson CSF highlighted the duality of knowledge.
There has been an evolution towards management of dual technologies on the one hand, and This involved DGA making an inventory of its experts to ensure that no critical competencies were overlooked (e.g. in the field of cryptology), and to maintain technological operating competencies. Test centres play a critical role in preserving minimal levels of understanding and housing quantities of tacit knowledge. Thus, the adoption in 2004 of a KM policy by the DGA-partly inspired by the CEA's experience in making an inventory of its skills-is an illustration of the type of transformation that has occurred within the NIS. As a result, DGA has had to identify critical skills and maintain them, making use of external networks. In other words, the objective has been to outsource and to monitor these networks on the basis that certain skills are no longer owned by individual organizations, but evolve through various kinds of partnerships.
The impact of these transformations on firms and the implementation of KM policies
The question of what kind of knowledge should be preserved is not reserved to government agencies. Firms, such as EADS and Thales, which develop new organizational capabilities, face similar challenges in relation to their core capabilities. These firms have evolved from ordinary assemblers to Lead Systems Integrators (LSI), which has required the absorption of new knowledge and capabilities. In this context, KM policy can be explained by several factors.
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1) The repositioning of high-technology companies in the global value chain is critical in the defence industry (Dowdall 2004; Acha and Brusoni 2008; Hobday et al. 2005) . EADS, for example, has had to abandon its previous division of labour (between Aérospatiale, VFW, MBB and BAE) in order to manage the coordination of various system interfaces and be able to fully assume its new role of 'knowledge integrator'. This has led to twin processes of vertical integration -in the area of materials and equipment maintenance -and a process of disintegration in certain technological fields such as avionics and composites and plastics. To this end, in 2001 EADS created a Centre of Competences (COC) to facilitate coordination with suppliers and technological partners and to maintain some of its technological skills.
2) The distribution of core capabilities between various geographical sites requires the creation of a common culture to harmonize European competencies and develop a real European expertise. The implementation of KM policies has allowed the 'communities of practices' that existed before the high-technology companies were created, to be acknowledged, and communication between organizations that previously competed against one another to be promoted.
3) Finally, the necessity to take better advantage of the duality of knowledge generated by each entity in the military and civil technological systems, and the careful management of potential spin-in within each modular element (e.g., electronics components developed by Thales can be used for military purposes after some modification). This is an important issue as only a portion of the turnover of the very high-tech companies is generated by the sale of military products (in 2005, 22% for EADS, 60% for Thales and 52% for Dassault).
For all the reasons presented above, there have been many opportunities for firms to implement KM practices linked to a technological policy requiring a better understanding of firms' knowledge bases in order to compete in the 'markets for technology'. However, as we will show, implementation of KM practices has various objectives and may be oriented towards the easy re-use of current knowledge. To illustrate this, we provide two examples from EADS and Thales.
In June 2001, Thales launched a KM project. Its principal aim was the creation of a shared language among 13 communities of practices, and the building of coherent and generic subsystems that could be used for various technological projects (a kind of modular strategy implying minimal codification among the various parts of the sub-systems). The software community played a critical role in building a technical platform to facilitate technological modularity, and creating a common technical language. Attempts were made to expand this platform to other technological fields, particularly expertise and project management. In Thales, the KM policy is oriented in part towards knowledge re-use in projects, in order to take advantage of the software modularity, and in part because of the necessity to preserve crucial know how through patents xi and knowledge holders. xii This policy is driven by the need to achieve a degree of knowledge integration and to improve the company's knowledge base and innovative activity.
In EADS, there is a permanent interplay between 'communities of practice' and networks of researchers. xiii EADS was founded in 2000 as the result of a merger between Aerospatiale, DASA and CASA, and one of its main challenges has been to link these various entities. To this end, EADS-France split its KM activity across two centres: a research centre in Suresnes and a production centre in Toulouse, where Airbus aircraft are manufactured. EADSGermany has adopted a similar approach in the hope of promoting communication between EADS has also implemented a knowledge articulation policy -within Airbus-through the compilation and production of a knowledge handbook. As such an approach, which was inspired by MKSM, is costly, there is a trade off between costs and benefits, which has caused the firm to favour a short-term policy of efficiency and innovation over long-term knowledge preservation.
In sum, in the French NIS, CEA has played a crucial role through the diffusion of KM tools created by researchers and adapted to the specific needs of ONERA and EADS. KM activities are viewed very differently by government agencies and firms. Government agencies develop KM with the aim of knowledge preservation, while firms generally want to implement KM practices to improve their performance in competitive markets. These seemingly contradictory objectives, work together to facilitate the accumulation of knowledge in the NIS, and although the objectives of firms and government agencies in implementing KM policies are very different, their motivations are similar: scarcity of funds, aging manpower, improved performance and justification for current choices related to technologies and competencies.
This explains why KM has many different purposes and can be implemented very differently.
Knowledge handbooks illustrate these differences, which could be used in firms and government agencies alike, but are generally only diffused in the latter.
Some hypotheses related to KM practices
Based on the stylized facts we gathered during our qualitative interviews (see Appendix 2) and our review of the literature, we can propose some hypotheses concerning the measurement and testing of KM practices in the defence industry:
H1 KM is specific and, to a certain extent, different in the defence industry compared to other traditional industries
This hypothesis is based on observation of the defence industry characterized by CoPS, as well as standard products and military projects . The technological specificity of CoPS generates distinctive knowledge that has to be preserved and memorized in a specific way (which differs from the methods used in the agro food or automobile industries). Military markets are complex with longer or shorter production cycles, depending on the nature of the project implemented. Articulation and codification of knowledge via KM are essentially related to technological issues (knowledge modularity, identification of experts and inventors), but also to some organizational dimensions (notably knowledge from specific projects, which is needed for reuse in others). Because knowledge is distributed within the organization and difficult to manage, knowledge systems integration has become a core technological and organizational capability.
H2 There is a link between innovative activities and KM activity
Knowledge integration (Grant 1996) underlines the fact that knowledge accumulation is a path-dependant process more likely to occur in related technological areas than in unrelated fields (Breschi et al. 2003) .
H3. KM policies are not limited to firms
Firms in the defence industry have increasing recourse to the 'market for technology' to acquire new technological skills (Acha and Brusoni 2008) . The integration of external knowledge requires a minimum level of 'absorptive capacity' (Cohen and Levinthal 1990) .
The relation between KM and innovative strategy is increasingly critical in this context, for identifying the core competencies that must be preserved internally and those that should be developed in partnership with other companies (Revilla et al. 2005) . Multi-technology firms need to have excess knowledge in order to cope with unpredictable developments in new technological fields. They belong to networks in order to benefit from opportunities that may emerge from specialized suppliers. This is the reason why multi-technology 'firms know more than they can make' (Brusoni et al. 2001 ).
H4 KM policy is oriented to improving economic and technological performance
There may be a link between the firm's knowledge base (notably its coherence and its scope) and its performance (Nesta and Saviotti 2006) . According to Kremp and Mairesse (2003) knowledge management practices when combined can improve the firm's productivity. These
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authors studied responses relating to four practices, from the French Community Innovation Survey (CIS3). Their results tend to confirm that there is a significant relation between a firm's innovative performance and its productivity. We expect that this might apply to the defence industry, which has a large presence of large high-tech companies. But although HRM (human resource management) policy can have an impact on employees' skills, the link between practices -particularly training-and firms' performance measurement and KM policy requires further exploration (Delaney and Huselid 1996) .
Section 2: Construction of indicators for KM practices and innovative behaviour in the defence industry
We present our statistical results and check their correlation with the above hypotheses. First, we explain how, using various statistical sources, we obtained different groups of firms designed to fulfil our empirical goals. Following this statistical and methodological overview, we present our results for KM policies. In particular, we show the relation between KM and innovation, and we try to demonstrate why the specificity of the defence industry is far from trivial.
Identification of the French technological defence base: data and methodology
Despite its absolutely basic importance, KM in the defence industry has not been the object of As outlined at the beginning of this article, firms in this field do not restrict their industrial and technological bases to defence activities; in other words they do not strictly and only depend on the State's budgets and public military markets (Versailles 2003; Dowdall 2004 ).
Thus, firms in defence industry were not selected according to the characteristics of their products or to the sectors to which they belong. As underlined by Dunne (1995: 404) , 'definition of the defence industrial base needs to be chosen to suit the empirical analysis being undertaken and the practical problems of data availability'.
Firms' dependence on the needs of the Defence Ministry, and reciprocally, the Defence Ministry's dependence on the production of firms, are relevant criteria. As a consequence, the firms in the defence industry-considered here -are those that are direct suppliers to the Defence Ministry. Despite their evident relevance, we do not consider indirect suppliers, which are dependent on the demands of the direct suppliers, because of lack of information.
The source of information allowing the identification of direct suppliers is the French database SANDIE. xv Finally, because our interest lies in the innovation process and KM, the analysis is restricted to firms that implement private R&D. Thus, these two sources of information ( CIS3 and SANDIE) are augmented by information from the French R&D survey, xvi which consists of data on all French firms conducting R&D. It provides information on number of researchers, R&D spending, patents, etc., and information on the different sources of finance (private, public) for firms' in house R&D. In particular, it enables us to identify firms whose R&D is partly financed by the Defence Ministry.
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Thus, the information provided by these different surveys has enabled us to build three main datasets: The principle governing the elaboration of our samples B0, B1, B2 is a principle of inclusion.
All firms considered in the research belong to B0. The firms in B1 have one link with the defence industry: they are suppliers. The firms in B2 have two links with the defence industry: they are suppliers, and their R&D expenditure is partly financed by the Defence Ministry. The B2 firms are clearly more dependent on the institutional context prevailing in this industry.
In addition to these three samples of firms, it is useful to consider exclusive sets to link specific characteristics to specific behaviour. Thus, we define also: -B0-B1 (B0 minus B1): Firms that implement R&D, but that are not defence suppliers; -B1-B2 (B1 minus B2): Firms that are defence suppliers, but whose R&D spending is not financed by the Defence Ministry.
Before looking at KM practices gleaned from the responses to CIS3, we provide some general information on these different sample sets, to identify the variables to be controlled. financing R&D in only a small number of companies.
INSERT TABLE 1 HERE
The firm size increases in line with the dependence on the Defence Ministry. In addition, small firms are over-represented in B0 compared to the other two sets (i.e. the closer the relationship with the Defence Ministry, the larger are the firms). Indeed the class [100, 500[ is the most important class in the B0 and B1 sets, while the class [more than 500[ is dominant in B2. R&D expenses are also quite dissimilar among these sets. Traditionally, French statistics distinguish internal R&D spending (DIRD) from external R&D spending (DERD), their sum being the total R&D expenses of the firms. Table 2 summarizes these data.
INSERT TABLE 2 HERE
The differences between B0 and B2 are very important -approximately 1 to 10-for DIRD as well as DERD. Clearly, firms in the B2 sample represent the core of the NIS, and account for the largest part of private research. They also receive most of the public subsidies, the share of public financing amounting to 9% and 26% for B0 and B2 respectively, of which in B2,
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20.5% comes from the Defence Ministry. Research intensity, measured by the ratio Total R&D expenditure on Turnover, increases from 3.8% to 10.7% for B0 and B2. These results
show that there is a huge gap in terms of firm behaviour and involvement in R&D. These differences in structural variables will need to be controlled for in analysing the impacts of KM policies. Potential differences in KM practices in the three sets (B0, B1 and B2) could be due to the size effects within each set. Consequently, we conducted the following descriptive statistical analysis to shed light on the context and emergence of KM practices, to have a better understanding of the specific behaviour of firms in the defence industry.
KM practices in the defence industry
CIS3 gives information about the KM practices of innovative firms. Four KM policies are investigated:
-KM1: a written KM policy; -KM2: a knowledge sharing culture; -KM3: an incentive policy to retain employees; -KM4: alliances for knowledge acquisition.
As proposed by Kremp and Mairesse (2002) , an indicator of the level of KM is obtained by summing the number of different KM practices implemented by firms. We call this indicator KMI, and it takes the value 0 to 4 according to whether the firm uses none, one, two, three or four of these KM practices. This indicator provides a simple overall measure of KM intensity (KMI) in the firm. Table 3 indicates the percentage of firms exploiting each KM practice, in each sample, and the percentage of firms in each sample that use 0, 1, 2, 3 or 4 policies.
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INSERT TABLE 3 HERE
Among B2 firms, 38% implement a written KM policy compared to 31% of B0 firms. This difference becomes more significant when so-called 'alliances for knowledge acquisition' policy (KM4) are considered: 72% of B2 firms form alliances for the purpose of knowledge acquisition whereas only 42% of B0's firms do so.
Thus, except for the written KM policy, the relationship with defence is associated with stronger KM practices. The more that firms are part of the industrial dynamic of the defence industry, the more they are involved in KM policies. Obviously, R&D is a major determinant.
In order to provide a more overall picture, calculation of the average of the KMI indicator for each sample of firms confirms that KM practices are more widespread in the defence industry,
given that there are twice as many KMI for B2 (2.4) as B0 (1.3). With regard to the KMI indicator, 57% of B2 firms implement more than 2 KM policies while the figures are 37% for B1 firms and 30% for B0 firms. The results for B0-B1 and B1-B2 are consistent with the results obtained for B0 and B1. These results should be all interpreted taking account of firm size and technological intensity. KM practices are strongly correlated to size and technological intensity, as shown by Kremp and Mairesse (2003) . The complementary questionnaire within CIS3 reveals that among firms that responded to questions on KM practices, 10% of those with 20 to 49 employees have a written KM policy compared to 50% of firms with more than 2,000 employees.
As the representation of large and high technological intensity firms is bigger in the defence industry, the more widespread KM practices in B2 could be the result of a defence relationship, or an effect of the bigger size of firms, or a by-product of their higher hal-00457550, version 1 -23 Feb 2010
technological intensity. Chart 1 shows the KMI average for an increasing range of firm size, measured by its turnover in 2000. As expected, KM practice is correlated with firm size in each sample, but it also seems that for firms of the same size, the defence characteristic seems to be an autonomous determinant of KM practise. Whatever the size of the firm, the KMI average is bigger for firms that belong to the defence industry.
INSERT CHART 1 HERE
Thus, large firms are more likely to implement KM practices. But what also is interesting is that, among firms of the same size, those in the defence industry, on average, implement more KM policies.
Level of technological intensity is also often correlated with KM practices. Technological intensity is traditionally evaluated as the ratio of the R&D spending on turnover. We use four classes for this ratio, given by the quartiles of the whole sample.
Descriptive statistical analysis shows that firms in the defence industry on average have a higher technological intensity than other firms that conduct R&D. Previous figures show that technological intensity (investment in R&D related to average turnover for 1998-2000) of B2
firms is 19%, 6% for B1 and 7% for B0. Studying the relationship between the level of KMI (from 0 to 4) and technological intensity leads to the following conclusions. A high level of KM (superior or equal to 3) is more frequent for high technological intensity firms. A low level of KM (0 and 1) is more frequent for low technological intensity firms. Among high technological intensity firms, 55% of firms implement three or four KM practices. But among low technological intensity firms, 17% implement more than three KM practices.
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In order to take account of the specificity of firms in the defence industry, we calculated the average KMI for each level of technological intensity, for each sample. Chart 2 presents the results. B2 firms show the highest average KMI, whatever the technological intensity. This means that the defence relationship again seems to be a determining factor in explaining KM practice not necessarily linked to the high level of technological intensity of firms belonging to this industry.
INSERT CHART 2 HERE
From these statistical observations, we can say that hypothesis H1 is supported. Indeed, these results tend to confirm our qualitative interviews, notably in relation to the importance of preserving knowledge in this industry. Most B2 firms are providers of high innovative equipments. Moreover, the labour market is smaller and labour force turnover is lower, which makes it easier to preserve the knowledge of experts and engineers. B2 firms are similar to many other innovating firms: they belong to many different networks in order to benefit from the duality of their knowledge and to acquire complementary assets (Jacobides et al. 2006 ).
Thus, KM practices were being used long before KM became 'fashionable'; they represent the traditional way of 'doing things'. This explains the structural tendency observed in the B2 sample. We next address hypotheses H2 and H3.
KM practices and technological performance
Competence and knowledge are major determinants of innovation in firms. They have a bigger impact on technological productivity when KM practices are more widely implemented. In other words, there should be a correlation between higher levels of KM and hal-00457550, version 1 -23 Feb 2010
the levels of knowledge and competences, that is, levels of R&D investment. We would expect that firms with high levels of KM would demonstrate higher technological performance, that is, higher levels of innovation. CIS3 provides two indicators of technological performance: innovation intensity and patent intensity.
Innovation intensity and KM practices
Innovation intensity is defined as the percentage of turnover related to the sale of new or radically modified products. In 2000, average innovation intensity was 7% for B0 firms (6% for B0-B1), 9% for B1 firms (9% for B1-B2) and 13% for B2 firms. There is a clear ranking between B0 and B2: the stronger the firms' links with defence, the higher is their average innovation intensity. To see how KM practices affect innovation intensity, we compute the average innovation intensity conditional on the KM indicator for each sample.
Chart 3 shows how KM practices interact with innovation intensity for each sample of firms.
As can be seen from Chart 3, the average innovation intensity of B0-B1 firms, in the absence of KM is 4%, but this rises to 10% if four KM practices are implemented. As expected, the corresponding figures for B1-B2 and B2 are higher. This means that B2 firms have a higher innovation intensity on average than B1-B2 firms, which have a higher innovation intensity than B0-B1 firms.
INSERT CHART 3 HERE
Chart 3 shows also innovation intensity increasing with a higher level of KM regardless of the sample. This suggests that KM practices are positively correlated with innovation intensity.
But this positive relationship appears not to be linear for B2 firms. These firms are characterized by high technological intensity when the KMI equals 1; when KMI equals 2,
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innovation intensity is lower than in the other samples. It should be remembered that the larger the sample, the more robust it will be and the less will be the fluctuations caused by firms with specific behaviours. Chart 4 indicates the KMI average for different quartiles of innovation intensity in sub-sample B2. The higher the innovation intensity of B2 firms, the higher is the average KMI.
INSERT CHART 4 HERE
These results, to some extent, are consistent with our qualitative interviews, which indicate that firms in this industry are also involved in the race for innovation. For this reason, they dedicate an important part of their activity to the 'market for technology' in order to renew their knowledge base. As we saw earlier, the repositioning of these companies in the global value chain is a critical issue (Dowdall 2004; Acha and Brusoni 2008) . In order to take greater advantage of the externalities in some technological alliances and to generate co-specialized assets, these companies place much emphasis on the evolution of their internal capabilitiesin the space industry these assets are represented by the development of a joint technical platform by EADS and composite producers to study certain specific characteristics of these materials before their implementation in Airbus. Consequently, these firms devote great efforts to knowledge articulation and knowledge codification, illustrated by the importance given to KM practices. KM practices, in our view, are an indicator of this tendency and are the visible part of the iceberg of innovative behaviour in B2 firms.
Patent intensity and KM practices
Patent intensity is the percentage of turnover that is protected by patents. We calculated first, that the relationship between average level of patent intensity and level of KM is positive (from 0 to 4). Patent intensity on average is always highest among firms with the highest levels of KM. Second, it illustrates that generally firms in the defence industry have higher patenting intensity than other companies, with the exception of firms whose level of KM is equal to 2.
INSERT CHART 5 HERE
In other words, overall we find higher levels of patenting intensity in the B2 sample, except when KMI=2. Chart 5 does not discriminate among patent intensities for firms in the B0-B1
and the B2-B1 sets, for all levels of KMI, that is, for all French firms implementing in house R&D without funding from the Defence Ministry with the exception again of B2 firms.
This result might seem surprising, because firms in the defence industry might be expected to have a low propensity to patent. Our results are due to the fact that B2 firms appear to be diversified and multi-technology. Also, in our view, their high levels of patenting intensity reveal a strategy of fully exploiting their knowledge base both within and outside the defence industry, especially in new fields (see Thales for an example in electronics). Moreover, as Griliches (1990) shows, patents are not only a production output, they are also a good proxy for the knowledge base. Consequently, in the French context, the performance observed here should be viewed more as an output of these firms' technological capabilities, than as a characteristic of the defence industry.
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Conclusion
The analysis aimed to investigate the development of KM practices in the French defence industry. We presented the historical context in which KM practices have emerged and developed indicators for identifying and measuring innovative behaviours.
The information gleaned from qualitative interviews was essential for understanding what happened after the 1997 reform of DGA and, in particular, why so much emphasis was placed on minimizing costs and preserving knowledge. As we have seen, various changes in several government agencies played major roles in defining new capabilities in this industry. Thus, the development of KM practices provided a means of coping with the scarcity of resources and increasing the value of the firm's knowledge base.
We developed various samples of firms, starting with all French firms conducting R&D, and distinguishing those supplying the Defence Ministry, and among these, those whose R&D was partly financed by the Defence Ministry. The paper shows that for the same technological intensity, characteristics related to defence emerge as strong, specific determinants of KM practices. Innovation intensity and patent intensity are stronger in this industry at all levels of KM and firms in the B2 set seem to perform better than others. Thus, our analysis has shown that KM activities are related to innovation activities and technological performance, but that, in addition, relationship with defence clearly differentiates firms. The group of firms whose R&D activities are financed by the Defence Ministry is distinctive, KM oriented and more successful. Thus, the selection process undertaken by the Defence Ministry -to a certain extent-is quite effective. This does not mean that this is necessarily a causality link, but that, at minimum, the higher performing firms are selected.
More generally B2 firms, which appear to be at the core of the French NIS, are those that receive the most public subsidies. This creates a self-reinforcing process, which could perhaps hal-00457550, version 1 -23 Feb 2010
explain the technological performance observed. As Ruttan (2006) emphasizes, a large part of the success of the defence industry is driven by public funding and by the active commitment of governments to sustain risky technological trajectories, which private firms are reluctant to do. Further research would be useful to examine this critical issue more thoroughly; it is inherent in all European countries that actively finance defence-related R&D and are keen to extend and preserve their technological expertise in this highly strategic sector.
Finally, future research is needed to construct economic indicators that would enable us first, to extend our observations by providing a more precise picture of the French defence industry, and second, to develop supplementary statistical data about the industry, which at present is rather scarce.
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